Recovery from respiratory (throat swab) specimens was an independent factor associated with ERY resistance. emm1 and emm11 GAS isolates were significantly associated with ERY s , while emm22 was detected only in ERY r GAS. In addition, emm106 isolates were prevalent among the abscess/pus isolates, whereas emm12 isolates were strongly associated with a respiratory (throat) origin. In addition to identifying factors associated with ERY resistance in GAS, our study provides helpful information on the changing GAS epidemiology in Taiwan.
isolates recovered from 1998 to 2010 were emm typed. ERY r isolates were also characterized by ERY resistance phenotype and mechanisms and pulsed-field gel electrophoresis (PFGE). Multilocus sequence typing was performed on selected ERY r isolates. The predominant emm types in ERY r isolates were emm22 (n ‫؍‬ 33, 26.0%), emm12 (n ‫؍‬ 24, 18.9%), emm4 (n ‫؍‬ 21, 16.5%), and emm106 (n ‫؍‬ 15, 11.8%). In ERY s isolates, emm12 (n ‫؍‬ 27, 21.9%), emm1 (n ‫؍‬ 18, 14.1%), emm106 (n ‫؍‬ 16, 12.5%), and emm11 (n ‫؍‬ 9, 7.1%) predominated. The most common ERY resistance phenotype was the M phenotype (resistant to macrolides) (70.9%), with all but one isolate carrying mef(A), followed by the constitutive macrolide-lincosamide-streptogramin B resistance (cMLS B ) phenotype (26.8%), with isolates carrying erm(B) or erm(TR). ERY r isolates of the emm12-sequence type 36 (ST36) lineage with the cMLS B phenotype were mostly present before 2004, while those of the emm22-ST46 lineage with the M phenotype predominated in later years. Recovery from respiratory (throat swab) specimens was an independent factor associated with ERY resistance. emm1 and emm11 GAS isolates were significantly associated with ERY s , while emm22 was detected only in ERY r GAS. In addition, emm106 isolates were prevalent among the abscess/pus isolates, whereas emm12 isolates were strongly associated with a respiratory (throat) origin. In addition to identifying factors associated with ERY resistance in GAS, our study provides helpful information on the changing GAS epidemiology in Taiwan.
S
treptococcus pyogenes (group A Streptococcus [GAS] ) is an important Gram-positive pathogen responsible for a broad spectrum of infections ranging from pharyngitis and impetigo to invasive necrotizing fasciitis, streptococcal toxic shock syndrome, puerperal fever, pneumonia, and bacteremia (1, 2) . Among the various virulence factors of GAS contributing to its successful host invasion, the cell surface M protein plays a key role in GAS resistance to phagocytosis (1) . The hypervariable 5= region of the M protein, which is encoded by the emm gene, serves as the basis for the study of the molecular epidemiology of GAS (emm typing) (3, 4) . Over 200 emm types have been identified to date, and certain emm types are associated with more severe diseases, while some emm types are associated with antimicrobial resistance (4, 5) . Since the distribution of emm types can vary from region to region, data on the predominant emm types in different populations provide helpful information in GAS vaccine formulation (4) .
Penicillin has been the drug of choice for the treatment of GAS infections. For severe invasive GAS diseases, high-dose penicillin and clindamycin are recommended. In patients who are allergic to penicillin, macrolides and lincosamides are alternative treatment choices (6) . Erythromycin (ERY) is an effective macrolide antibiotic for treating GAS respiratory tract infections. However, increasing ERY resistance in GAS isolates was noted in the 1990s, and in some countries, this resistance peaked in the early 2000s (5, 7, 8) . The fluctuation in GAS macrolide resistance has been associated with changes in macrolide use (5, (8) (9) (10) (11) .
Several resistance genes, mef(A), erm(B), and erm(A) subtype erm(TR), are associated with ERY resistance in GAS (12, 13) . mef(A) encodes an efflux pump which selectively removes 14-and 15-membered macrolides from the bacterial cell and is commonly associated with the M phenotype (resistant to macrolides but susceptible to lincosamides and streptogramin B). erm(B) and erm(TR) encode 23S rRNA methylases which mediate target site modification and result in resistance to macrolide, lincosamide, and streptogramin B (MLS B ) antibiotics. Macrolide, lincosamide, and streptogramin B resistance can be either constitutive (cMLS B ) or induced (iMLS B ). erm(B) is commonly associated with the cMLS B phenotype, while erm(TR) is associated with the iMLS B phenotype. In addition, the ERY resistance genes often co-occur with the tetracycline (TCY) resistance genes tet(O) and tet(M), which encode proteins that interfere with the binding of TCY to its target 30S ribosome in bacteria, due to carriage of the resistance determinants on the same mobile genetic element (12) .
In the 1990s, several reports indicated that antimicrobial resistance had become a serious problem in hospitals and the community in Taiwan (14, 15) . In an effort to contain the increasing antimicrobial resistance, the Bureau of National Health Insurance (BNHI) in Taiwan implemented a policy to restrict antibiotic use for acute upper respiratory tract infections in ambulatory patients effective in 2001 (16) . This resulted in reduced outpatient use of antimicrobials, including macrolides (8, 16) . Subsequently, a reduction in macrolide resistance in GAS was noted in a study of 3 medical centers in Taiwan (8) . However, longitudinal multicenter national data on GAS epidemiology have not been reported.
The Taiwan Surveillance of Antimicrobial Resistance (TSAR) is a national surveillance program that has been conducted biennially since 1998 (14, 17, 18) . The present study investigated the epidemiology of GAS isolates in the TSAR collection recovered from 1998 to 2010. In addition to ERY resistance mechanisms and phenotypes, the GAS isolates were characterized by emm typing, pulsed-field gel electrophoresis (PFGE), and multilocus sequence typing (MLST). Factors associated with ERY resistance and emm types were also investigated.
MATERIALS AND METHODS
Bacterial isolates and culture condition. GAS isolates were collected from hospitals participating in TSAR biennially between 1998 and 2010 (corresponding to TSAR round I [TSAR I] to TSAR VII). The collection protocols and participating hospitals for TSAR I and II have been described previously (14, 18) . In TSAR III (2002) to TSAR VII (2010), isolates were collected between July and September from the same 26 hospitals, except for isolates in TSAR V (2006), in which 1 hospital did not participate (17) . Briefly, each hospital first collected a fixed number of outpatient isolates (n ϭ 50) and inpatient isolates (n ϭ 150), after which an additional 20 (for the TSAR rounds from 2002 to 2006) to 50 (for the TSAR rounds in 2008 and 2010) isolates were collected from blood and sterile body sites. The isolates were collected sequentially without specifying the species. After completion of the above-described collection efforts, we asked the hospitals to further collect all GAS isolates during the collection months (for the TSAR rounds from 2002 to 2010). No special collection of GAS was made in TSAR I (1998) and II (2000). These hospitals comprised medical centers and regional hospitals located in all 4 regions of Taiwan, and 16 hospitals participated in all 7 rounds of TSAR. The isolates were stored at Ϫ80°C in bead-containing Microbank cryovials (Pro-Lab Diagnostics, Austin, TX). Confirmation of GAS was based on colony morphology, beta-hemolysis, bacitracin susceptibility (Taxo A discs), and the latex agglutination test (Oxoid, Basingstoke, Hampshire, United Kingdom). All reagents and media were purchased from BBL (Becton, Dickinson Microbiology Systems, Sparks, MD), unless specified otherwise.
Antimicrobial susceptibility tests. MICs for all GAS isolates were determined by broth microdilution (BMD) using Sensititre standard panels (Trek Diagnostics, West Essex, England). Mueller-Hinton broth supplemented with 5% lysed horse blood was used, and the testing conditions followed the recommendations of the Clinical and Laboratory Standards Institute (19) . The agents tested included ceftriaxone, cefotaxime, cefepime, erythromycin, levofloxacin, linezolid, penicillin, tetracycline, and vancomycin. Clindamycin and tigecycline were also tested by BMD for the TSAR VII (2010) isolates. In addition, the clindamycin, ERY, and TCY MICs of the ERY-resistant (ERY r ) GAS isolates were further determined using in-house-prepared BMD panels at 0.12 to 256 g/ml. Results were interpreted using the CLSI breakpoints for all drugs except tigecycline, for which the EUCAST breakpoints (for Streptococcus groups A, B, C, and G) were used (http://www.eucast.org/clinical_breakpoints).
Determination of macrolide resistance phenotypes and ERY and TCY resistance genes. The clindamycin-susceptible ERY r isolates were classified as having the M or iMLS B phenotype by D test according to CLSI recommendations (19) . Isolates that were resistant to both clindamycin and ERY were classified as having the cMLS B phenotype. The presence of mef(A), erm(B), and erm(TR) genes for ERY resistance was determined for the ERY r isolates. The presence of the tet(M) and tet(O) genes for TCY resistance was determined for all ERY r isolates and 128 ERY-susceptible (ERY s ) isolates. The ERY s isolates were randomly selected to include 12 to 21 isolates from each year. Resistance genes were checked by PCR using published primers (12) . emm typing. All ERY r GAS isolates (127 isolates) as well as the 128 ERY s isolates were studied for emm typing following the protocol published on the Centers for Disease Control and Prevention (CDC) International Streptococcal Reference Laboratory website (http://www.cdc.gov /ncidod/biotech/strep/protocol_emm-type.htm). The sequences of the emm genes were compared with those in the CDC database by BLAST analysis (http://www.cdc.gov/ncidod/biotech/strep/strepblast.htm).
PFGE. Genomic DNAs of the ERY r isolates were prepared and digested with 30 U SmaI (New England BioLabs Inc., Ipswich, MA) at 25°C for 16 to 18 h following a previously published protocol with slight modifications (20) . Because some isolates could not be digested by SmaI, all isolates were also digested by 18 U SgrAI at 37°C for 6 h (20). The enzymedigested DNA fragments were separated in 0.5ϫ Tris-borate-EDTA (TBE; pH 7.5) buffer at 14°C for 22 h at a voltage of 6 V/cm and a fixed angle of 120°with pulse times ranging from 5 to 40 s with a CHEF Mapper system (Bio-Rad Laboratories, Richmond, CA). The DNA bands were stained by ethidium bromide and photographed, and the DNA patterns were analyzed using BioNumerics software (version 5.1; Applied Maths, SaintMartens-Latem, Belgium). Staphylococcus aureus NCTC8325 was used as a standard for DNA pattern normalization. Isolates having Ͼ80% similarity were assigned a PFGE cluster code if there were 3 or more isolates within the cluster.
MLST. MLST was performed on selected ERY r isolates and included nearly every emm type and PFGE cluster. MLST was performed according to the protocol on the MLST website (http://spyogenes.mlst.net/misc/info.asp). The primers of 7 housekeeping genes, gki, gtr, muri, mutS, recP, xpt, and yiqL, were based on information from the MLST website (21) . The allele and sequence type (ST) were assigned by using the MLST websites (http://spyogenes .mlst.net/sql/allelicprofile_choice.asp and http://spyogenes.mlst.net/sql /singlelocus.asp).
Statistical analysis. Antimicrobial susceptibility data analyses were made using WHONET software (22) . Univariate analysis was done using the chi-square test or Fisher's exact test (if the number was less than 10). Multivariable logistic regression analysis was performed to assess the relationship between predictor variables (study period, patient age group, and specimen type) among ERY r and ERY s GAS isolates. The variables included those identified in the univariate analysis as possibly being associated with the ERY resistance rate (P Ͻ 0.05). All analyses were performed using SPSS statistics (version 17.0) software (SPSS, Chicago, IL). A P value of Ͻ0.05 was considered statistically significant.
RESULTS

GAS isolates.
A total of 776 GAS isolates were collected between 1998 and 2010 biennially, including 42, 39, 70, 177, 186, 167, and 95 isolates in 1998, 2000, 2002, 2004, 2006, 2008 , and 2010, respectively. The majority of the isolates were from abscess/pus (n ϭ 359, 46.3%), followed by the respiratory tract (n ϭ 257, 33.1%), of which most were throat swab (n ϭ 208, 26.8% of the total) and blood (n ϭ 136, 17.5%) specimens. The remaining 24 isolates (3.1%) were from other specimen sources. For the 715 isolates for which patient ages were known, the mean age of the patients was 38.2 Ϯ 27.6 years, and 253 of the 715 isolates (35.3%) were from pediatric patients (age, Յ18 years). The majority of the pediatric isolates (205/253, 81%) were from respiratory specimens, but only 8.5% (43/508) of the adult isolates were. Most adult isolates were from abscess/pus (65.7%, 334/508) and blood (25.8%, 131/508).
Antimicrobial susceptibilities and factors associated with ERY resistance. The overall in vitro activities of 7 agents tested against all 776 GAS isolates are shown in Table 1 . The results for clindamycin and tigecycline tested on the 95 isolates in 2010 are also shown. No resistance to ceftriaxone, levofloxacin, linezolid, penicillin, tigecycline, or vancomycin was seen. There were 3 clindamycin-susceptible, erythromycin-resistant isolates in TSAR VII (2010), and none were D-test positive, so the overall rate of clindamycin resistance was 2.1%. Overall rates of resistance to erythromycin and tetracycline were 16.4% and 63.8%, respectively. However, the overall rate of tetracycline resistance was higher in ERY r isolates (90.6%, 115/127) than ERY s isolates (77.0%, 500/ 649) (P Ͻ 0.001).
To identify factors associated with ERY resistance in GAS, we grouped the isolates into three time points, those recovered in . Univariate analysis indicated that study period, age, and specimen types were possible factors associated with ERY r GAS (P Ͻ 0.01). Multivariate analysis revealed that isolation from the respiratory tract (P Ͻ 0.05) and recovery before 2001 (P Ͻ 0.001) remained independent factors associated with ERY resistance (Table 2) .
Phenotype and resistance determinants of ERY r GAS. The resistance phenotypes, ERY and TCY resistance genes, and emm types are shown in (Table 3) .
emm types in ERY r and ERY s GAS. To determine if certain emm types predominated in ERY r and ERY s isolates or in isolates from a particular source, emm typing was performed on all 127 ERY r isolates and 128 randomly selected ERY s isolates. These 255 GAS isolates included 109 (42.7%) from the respiratory tract, 80 (31.4%) from abscess/pus, 54 (21.2%) from blood, and 12 (4.7%) from other specimen sources. There were 20 emm types among the ERY r GAS isolates (Table 3 ) and 22 emm types among the ERY s GAS isolates (data not shown). The predominant emm types in ERY r isolates were emm22 (n ϭ 33, 26.0%), emm12 (n ϭ 24, 18.9%), emm4 (n ϭ 21, 16.5%), and emm106 (n ϭ 15, 11.8%). In ERY s isolates, emm12 (n ϭ 27, 21.9%), emm1 (n ϭ 18, 14.1%), emm106 (n ϭ 16, 12.5%), and emm11 (n ϭ 9, 7.1%) predominated, followed by emm types 4, 49, 81, and 132 (each with 6 isolates, 4.7%). Together, emm12 (n ϭ 51, 20%), emm22 (n ϭ 33, 12.9%), emm106 (n ϭ 31, 12.2%), emm4 (n ϭ 27, 10.5%), emm1 (n ϭ 21, 8.2%), and emm11 (n ϭ 9, 3.5%) accounted for 67.3% of total isolates.
The emm1 and emm11 isolates were significantly associated with ERY s GAS and being from respiratory samples (P Ͻ 0.05), while emm4 and emm22 were significantly associated with ERY r GAS, with emm22 being found only in ERY r isolates (Table 3 and Fig. 1 ). Among the ERY r isolates, emm4, emm22, and emm106 mostly had the M phenotype, while the cMLS B phenotype predominated in emm12 GAS (Table 3) . Although the 
was negative for erm(B), erm(TR), and mef(A).
Its ERY MIC was 2 g/ml, and it is possible that the isolate carried one of the mef subclass genes (36), which were not evaluated in the present study.
emm12 and emm106 types were each found in similarly high percentages of the ERY s and ERY r isolates (Fig. 1) , emm12 was strongly associated with isolates from the respiratory tract (P Ͻ 0.001) (the majority of which were from throat swab specimens), while emm106 was highly associated with abscess/pus isolates (P Ͻ 0.001) (Fig. 2) .
PFGE, emm, and MLST of ERY r GAS. PFGE was first performed on all 127 ERY r GAS isolates using SmaI. However, 24 isolates could not be digested by SmaI but could be digested using SgrAI. Therefore, all isolates were digested using SgrAI for subsequent comparison. Most (n ϭ 102) of the 127 SgrAI-digested ERY r GAS isolates could be assigned to 9 PFGE clusters (A [32 isolates, 25 (Fig.  3) . Most of the 24 SmaI-indigestible SgrAI-digested isolates were either PFGE cluster D (13 isolates) or G (6 isolates). MLST was performed on nearly all emm types and representative isolates from each PFGE cluster. A total of 52 GAS isolates were selected for MLST. Most GAS isolates within the same PFGE cluster had the same emm type and ST or its single-locus variants (SLVs). The genotype (emm-ST) of the predominant PFGE cluster A isolates was emm22-ST46, while cluster C isolates were emm4-ST39 or its SLV, ST423. The predominant genotypes of clusters D and E were emm106-ST674 and emm82-ST665 or its SVL, ST666, respectively. Cluster H isolates comprised the emm76-ST673 and emm106-ST673 genotypes. Isolates of the same genotype mostly fell within the same PFGE cluster, except emm12-ST36 (or its SLV669), which belonged to distinct clusters, B, G, and I (Fig. 3) .
The emm22-ST46 lineage (PFGE cluster A) was rarely found before 2000 but became the most prevalent emm type from 2006 to 2010. The emm12-ST36 isolates from earlier years (1998 to 2004) belonged to PFGE clusters B and G but shifted to cluster I from 2006 to 2010. The emm4-ST39 (PFGE cluster C) isolates were present mostly in earlier years (1998 to 2004). The majority of emm106 isolates (PFGE clusters D and H) were present in 2004 and 2006, and those that could not be digested by SmaI (PFGE cluster D) had a new sequence type, ST674. In addition to ST674, two new sequence types, ST672 and ST673, were identified in emm106 (PFGE cluster H). These results suggest that changes in emm type distribution and the emergence of new genotypes occurred over the years.
DISCUSSION
Before 2000, ERY was widely used for treating upper respiratory tract infections, which resulted in remarkably high rates of ERY resistance in GAS in Taiwan (8, 23) . In an effort to contain antimicrobial resistance, the government implemented a policy in 2001 to restrict antibiotic use for acute upper respiratory tract infections in outpatients (16) . The effect of this policy on resistance in GAS has been reported in studies on isolates from different regions of Taiwan (8) . However, multicenter longitudinal data are lacking.
Data from our Taiwan Surveillance of Antimicrobial Resistance (TSAR) conducted biennially between 1998 and 2010 showed that ERY resistance declined from 53.1% in 1998 and 2000 to 14.6% in 2002 and 2004 and 10.7% from 2006 to 2010, indicating that the rate of ERY resistance in GAS remained stable after 2001. Using isolates from the TSAR collection, we first determined the ERY resistance phenotype and genes of the ERY r isolates and found that isolates of the mef(A)-carrying M phenotype predominated, followed by erm(B)-carrying cMLS B isolates. In an earlier study of ERY r GAS from a medical center in southern Taiwan, cMLS B was the prevalent phenotype in isolates recovered from 1992 to 1995, but the M phenotype became predominant after 1997 (23) . The predominance of the M phenotype in the present study is consistent with the decreasing rate of ERY resistance among GAS isolates in Taiwan after 1998.
Based on emm typing, PFGE, and MLST data, we found diverse genotypes of ERY r GAS circulating in Taiwan, with four major clones predominating: emm22-ST46 (PFGE cluster A), emm12-ST36 (PFGE clusters B, G, and I), emm4-ST39 (PFGE cluster C), and emm106-ST674 (PFGE cluster D). The emm4-ST39 isolates were mostly found in early years (1998 although the predominate phenotype in these isolates remained cMLS B . The emm106-ST673 isolates present in 2004 and 2006 belonged to PFGE cluster H, but a few changed to emm106-ST674, which belonged to PFGE cluster D, in later years. The emm106-ST674 isolates are unique in Taiwan since ST674 is a new sequence type. Taken together, these results suggest that emm type changes in ERY r GAS occurred over the years. We also found not only that the PFGE cluster correlated well with the emm and sequence types but also that the same emm type can have distinct PFGE clusters, so PFGE provides better genotype distinctions. The higher discriminatory power of PFGE has been reported previously (20) . Globally, the distribution and rank order of emm types in GAS varied by region and between countries. For example, emm1, emm12, emm28, emm3, and emm4 predominated in Western a , isolates having Ͼ80% similarity were assigned to a PFGE cluster (A to I) if there were 3 or more isolates within the cluster, and O (other) indicates that no cluster code was assigned; (n), number of isolates having the same PFGE pattern; b , number of isolates from different study periods (I, 1998 and  2000; II, 2002 and 2004; III, 2006 and 2010); c , NT, non-emm typeable; d , MLST, multilocus sequence typing; (n), number of isolates on which MLST was performed; SLV, single-locus variant.
countries, but only two of those emm types, emm12 and emm1, were among the top 6 emm types in Africa (4). The predominant emm types in our study were emm12, emm22, emm106, emm4, emm1, and emm11, but their distribution differed by year, specimen type, and ERY susceptibility. Studies in Canada and Portugal on GAS from pharyngitis patients found that emm1, emm4, and emm12 predominated, although the rank order differed (5, 24) . Three studies on invasive GAS, one from France, one from 11 European countries, and the other from the United States, also found emm1 to be the leading emm type among invasive GAS isolates (25) (26) (27) . Previous studies from Taiwan have also found emm1, emm4, emm12, and emm11 to be among the prevalent emm types, but their proportions varied in different disease entities and populations (28) (29) (30) . However, emm28, a leading emm type in Western countries associated with ERY-resistant GAS (5, 25, 26, 31) , was detected in only one of the ERY r isolates in the present study.
Our study found that emm1 and emm11 isolates are associated with ERY susceptibility in GAS. A higher degree of association of emm1 with ERY-susceptible GAS has been reported in Greece and Portugal (5, 32) . We also found a strong association of emm22 isolates with ERY resistance. The emm22 type has been reported in only a few countries and at a much lower prevalence (5, 27, 31, 32) . The reason for the lower prevalence of emm22 in other regions might be because emm22 is usually associated with ERY resistance (5, 32, 33 Another prevalent emm type in our collection was emm106. Other than one study which reported that emm106 was one of the prevalent emm types in invasive GAS in New Caledonia (34) , this emm type has not been reported in other countries. However, two studies in Taiwan found emm106 to be highly associated with invasive skin and soft tissue infections (28, 30) . Although we do not have information on the disease manifestations, we did find a strong association of emm106 with abscess/pus isolates. Also noteworthy is that the emm106 ERY r isolates belonged to three new sequence types, ST672, ST673, and ST674. ST672 is a single-locus variant of ST46 and a fourlocus variant of ST673, but ST674 is a distinct new sequence type. ST672 and ST673 shared the same PFGE cluster. One characteristic of the emm106-ST674 isolates is that they could be digested only by SgrAI for PFGE typing, and these isolates shared an indistinguishable PFGE pattern. The clinical prevalence and epidemiology of this emm type in Taiwan warrant further study.
Univariate analysis revealed that isolates recovered before 2001, from pediatric patients, and from respiratory specimens were significantly associated with ERY resistance. Because the majority (Ͼ85%) of the pediatric isolates were from the respiratory tract, this accounted for the higher rate of ERY resistance in pediatric patients. Multivariate analysis revealed that recovery from earlier years and a respiratory origin of the isolates remained independent factors associated with ERY resistance. The lowered ERY resistance of GAS after 2000 likely resulted from the decreased macrolide use in outpatients (8, 16) . Since most respiratory specimens were throat swab samples, this implied that pharyngitis isolates have higher rates of ERY resistance. In an earlier study, Seppala et al. also found younger age and isolation from the throat to be predictors for ERY resistance in GAS (35) . The reason for the higher prevalence of ERY resistance in respiratory (throat swab) isolates is likely contributed by emm4 and emm22 isolates, since these lineages are associated with ERY resistance and comprised the largest proportions of respiratory isolates.
In conclusion, a significant decrease in the incidence of ERY resistance in GAS isolates occurred after 2000 in Taiwan and was accompanied by changes in the genotypes of ERY r GAS. Isolates of emm12-ST36 having the cMLS B phenotype decreased, while emm22-ST46 isolates having the M phenotype have become predominant in recent years. The association of certain emm types with ERY susceptibility (emm1 and emm11) and resistance (emm22) was observed. In addition, certain emm types were associated with specimen origin, including emm12 with respiratory (throat swab) specimens and emm106 with abscess/pus, indicating possible tissue tropism. We also detected new sequence types in ERY r GAS, emm106-ST673 and emm106-674. These results indicate the need for periodic monitoring of GAS epidemiology in each region to detect changes in distribution and the emergence of new sequence types.
